ABSTRACT A large proportion of newly synthesized polyribosomal RNA of sea urchin blastulae is not polyadenylylated. The size distributions of the polyadenylylated and nonpolyadenylylated RNA are indistinguishable (mean size of 26 S). Upon translation of sea urchin polyribosomal RNA containing poly(A) and that without poly(A) in a wheat embryo cell-free protein-synthesizing system, where polypeptide synthesis is dependent on added messenger, both classes of RNA support peptide synthesis to the same extent. A preliminary analysis of the proteins synthesized in response to added mRNA (polyadenylylated and nonpolyadenylylated) indicates that these classes of mRNA molecules may code for different populations of proteins. for 60 min. The embryos were washed extensively with calcium-and magnesium-free sea water, and polyribosomal RNA was prepared. Cell lysis was as described earlier (8, 15) . This technique yields cytoplasmic fractions that are not contaminated with nuclear material. Embryos were suspended in 3 volumes of TEAKM buffer (0.05 M triethanolamine, 0.4 M KCl, 0.01 M MgCl2, pH 7.8) containing bentonite (1.0 mg/ml) and passed through a 25 gauge hypodermic needle. A postmitochondrial supernatant fraction was prepared by centrifugation of the lysate at 15,000 x g for 15 min. Polyribosomes were pelleted by ultracentrifugation through a 1.5 M sucrose cushion (Spinco Type 40 rotor, 36,000 rpm for 110 min). The pelleted polyribosomes were analyzed on a 15-45% sucrose gradient in TEAKM buffer. The gradients were centrifuged in a Spinco SW 50.1 rotor at 50,000 rpm for 40 min at 40, and monitored at 254 nm with an ISCO 640 gradient fractionator. Polyribosomes were pooled and precipitated in 2.5 volumes of ethanol at -200 (16). The RNA was extracted from the ethanol-precipitated polyribosomes in acetate buffer (0.01 M sodium acetate, 0.01 M EDTA, 5 Mg/ml of polyvinylsulfate, pH 6.0) containing 0.5% sodium dodecyl sulfate. The aqueous phase was extracted once in phenol-chloroform (1:1, vol/vol) at room temperature (17), twice in phenol-chloroform at 500, and in chloroform containing 4% isoamyl alcohol (18). The RNA was precipitated by the addition of 2 volumes of ethanol and 0.1 volume of 20% potassium acetate, pH 5.5.
synthesis is dependent on added messenger, both classes of RNA support peptide synthesis to the same extent. A preliminary analysis of the proteins synthesized in response to added mRNA (polyadenylylated and nonpolyadenylylated) indicates that these classes of mRNA molecules may code for different populations of proteins.
The existence of polyadenylylated mRNA and heterogeneous nuclear RNA is now well established (1) (2) (3) (4) (5) (6) . Recent studies indicate that in addition to polyadenylylated mRNA, there are also nonpolyadenylylated mRNA molecules in a number of eukaryotic cell types, including HeLa cells (7) , sea urchin embryos (8, 9) , and slime molds (10) . The functional significance of poly(A) tracts in mRNA is not yet established (see ref. 11 ). The lack of poly(A) in the histone mRNA prevents it neither from being transported from the nucleus to the cytoplasm nor from being translated (12) . When poly(A) is enzymatically removed from L cell mRNA, these mRNA molecules supported protein synthesis in vitro effectively (13) . Nevertheless, poly(A) may influence the half-life of mRNA (see refs. 11 and 14) . In sea urchin embryos a large proportion of the mRNA in polyribosomes is not polyadenylylated, and we describe here some of the properties of these naturally occurring mRNA at 300. Reactions were stopped by adding 0.2 ml of 15% trichloroacetic acid containing 10 mM unlabeled leucine and 10 mM unlabeled tryptophan. An additional 5.0 ml of 5% trichloroacetic acid was added to each reaction mixture and the hot trichloroacetic acid-precipitable material was collected on GF/C glass fiber filters. The protein on the filters was solubilized by the addition of 0.5 ml of Protosol, and the radioactivity was measured after the addition of Aquasol. Polyacrylamide Gel Electrophoresis of RNA. RNA was analyzed by polyacrylamide gel electrophoresis according to a modification of the procedure described by Loening (23) . Polyacrylamide gels (2.4%) containing 0.5% agarose (24) were run in 0.036 M Tris, 0.03 M NaH2PO4, and 0.001 M EDTA, pH 7.9 at 40 for 3 hr at 5 mA/tube. The gels were fractionated into 2-mm sections using a Gilson gel fractionator, and 0. 5 (27, 28) , and that the histone proteins lack the amino-acid tryptophan (29, 30) . Therefore, the incorporation of tryptophan in response to the added poly(A)-RNA suggests that this class of RNA does not exclusively code for histone proteins. Translation of these two classes of mRNA in the wheat embryo cell-free system is independent of any tissue specific factor(s). Since this system is capable of initiation and reinitiation (31) as well as release of completed polypeptide chains (21, 22) , the amino-acid incorporation supported by poly(A)-and poly(A)+ sea urchin RNA suggests that both fractions are true messengers. Aurintricarboxylic acid, a potent inhibitor of peptide chain initiation, completely inhibits the amino-acid incorporation supported by both poly(A)-and poly(A)+ mRNA ( Table 1 ).
The efficiency of translation of poly(A)-and poly(A)+ mRNA in vitro was estimated by measuring the amount of labeled amino-acid incorporation into protein per unit of la- Translation of mRNA is not dependent on the presence of poly(A), but does require specific recognition sequences before it can act as messenger (13, 33, 34) . We show that naturally occurring poly(A)-mRNA is translatable in vitro. The efficiency of translation (the amount of amino-acid incorpo- Table 1 ). rated into polypeptides per unit of mRNA) was essentially the same for poly(A)-and poly(A)+ mRNA. The implications of this observation are limited, since in the wheat embryo system the mechanisms that regulate the stability of mRNA may not have been operative. Also, since the reaction mixtures were incubated for only 60 min, it is likely that the stability of the mRNA molecules did not enter into these efficiency measurements. Huez et al. (35) have shown that depolyadenylylated globin mRNA decays more rapidly than the unaltered globin mRNA when these mRNA molecules were injected into Xenopus oocytes and translated in vio.
That poly(A)-and poly(A)+ mRNA are two different classes of molecules is indicated by several lines of evidence. The products of translation appear to be distinct based upon acid-soluble/acid-insoluble incorporation ratios with both [3H]leucine and [3H]tryptophan. Based on the solubility data, a major portion of the poly(A)-mRNA may code for nonhistone nuclear proteins. An analysis of the products synthesized in vitro is in progress. The differences in these two mRNA populations are also suggested by the hybridization data of Nemer et al. (9) , who used DNA polymerase I to prepare DNA complementary to poly(A)+ mRNA, and reported a negligible amount of hybridization between the complementary DNA copy and poly(A)-mRNA. Similar results were obtained with HeLa cells (7) . Thus, these experiments suggest that there is little sequence homology between polyadenylylated and nonpolyadenylylated mRNA molecules.
